The inclusion which stimulated the ferrite nucleation was directly classified through the in-situ observation experiments in the HAZ of the Ti-killed steel weld. The chemical composition of the selected inclusion was analyzed and the nucleation potential was discussed. The potential for the ferrite nucleation is ranked as follows: grain boundary, Ti-X and MnS in order. Furthermore, the existence of effective and ineffective MnS for nucleation was made clear and the difference was estimated.
Introduction
One of the effective ways to avoid the grain coarsening of Heat-Affected Zone (HAZ) is formation of fine ferrite by supplying inclusion nucleation site. The nucleation and growing mechanism of ferrite at the inclusion should be theorized and it could make it possible forming the microstructure with complete control.
A lot of works try to theorize the nucleation and growing mechanism of fine ferrite at the inclusion [1] [2] [3] [4] [5] and various mechanism for ferrite nucleation are presented. For example, Shim et al 1) analyzed manganese distribution around Ti-oxide in
Ti-killed C-Mn steel and they concluded that the higher driving force for the transformation due to manganese depression stimulated the ferrite nucleation at the oxide. The other mechanism is lattice matching at the interface between the ferrite and oxides [2] [3] [4] or supplying inert substrate for the heterogeneous nucleation 5) . Both mechanism mean that the inclusion gives lower nucleation barrier at the interface. These works are based on the evaluations after the welding or heat treatment. Then, there is a possibility that oxide which does not supply the nucleation site is analyzed. Ferrite plate sometimes penetrates the inclusion and it is miss-judged as a nucleation site 6) . Furthermore, there is a possibility that all oxide don't supply the nucleation site even if it has same compositions. Proper selection of the analyzed inclusion is better way toward making it clear the controversial mechanism:
nucleation mechanism of ferrite at inclusion.
In the present work, for the Ti-killed steel weld with and without boron, inclusions in the HAZ are classified as effective nucleation site or ineffective, by using in-situ observation method.
And the chemical composition of the effective inclusion is analyzed. Based on the analysis, potential for the nucleation is ordered including grain-boundary site. This is the first step of selecting analysis of inclusion in the weld.
Experimental procedure
Two types of Ti-killed steels were prepared. . (Fig. 6) . For the KT5, Ti-X and MnS supplied the nucleation site of ferrite. Figure 8 shows results of EDX analysis for the numbered inclusions. 
Result and discussion
In the present work, the element of X in Ti-X phase is not clearly identified. However, it may be oxygen due to little content of aluminum (<0.001 mass%) of Ti-killed steel. Figure 10 shows
Auger Electron Spectroscopy analyses of Ti-X in KT5. The data was acquired after the spatter treatment for cleaning. Then, the Ti-X obviously includes the oxygen element as shown in the data.
In future, the detail analysis of phase should be carried out.
In 
Conclusions
The ferrite nucleation behavior in the HAZ of Ti-killed steel weld was in-situ observed and the inclusions which supply the nucleation site of ferrite were classified. The main conclusions obtained are as follows:
1) The classification of inclusion was succeeded in the view of nucleation agent for the ferrite in the HAZ of Ti-killed steel weld by using HLSCM technique.
2) The potential of nucleation of ferrite was grain-boundary, Ti-X and MnS in order for Ti-killed steel weld. Boron segregation easily removed the grain-boundary site with a little content.
3) All the Ti-X inclusion identified supplied nucleation site of ferrite. On the other hand, a part of the MnS gives the site. The difference between effective and ineffective MnS to ferrite nucleation may be the nature of interface phase.
The nano-order analysis is needed to make it clear.
